Abstract: Thirteen-week Inhalation Toxicity of pDichlorobenzene in Mice and Rats: Shigetoshi AISO, et al. Japan Bioassay Research Center, Japan Industrial Safety and Health AssociationSubchronic inhalation toxicity of p-dichlorobenzene (p-DCB) was examined by exposing BDF 1 mice and F344 rats of both sexes (6 h/d and 5 d/wk) to inhalation of 25, 55, 120, 270 or 600 ppm (v/v) p-DCB vapor for 13 wk. The exposure to p-DCB vapor retarded the growth rate in the male mice, and induced hepatotoxicity in the mice and rats of both sexes and renal and hematological toxicity in the male rats. Hepatotoxicity was characterized by increased liver weight, hepatocellular hypertrophy, and increased serum levels of total cholesterol. Liver necrosis and increased serum levels of AST and ALT were observed in the exposed mice, whereas these changes, which indicate hepatocellular death, did not occur in any of the exposed rats. p-DCB-induced renal lesions occurred only in the male rats. Hyaline droplets were observed in the proximal tubular epithelial cells, and were stained positively with anti-α 2υ -globulin, suggesting excessive accumulation of α 2υ -globulin in the epithelial cells. Granular casts were formed in the tubular lumen, resulting from the necrotic desquamation of the renal tubular epithelium. Papillary mineralization in the renal pelvis and increased serum levels of BUN and creatinine were noted. These renal changes indicated α 2υ -globulin nephropathy. Decreases in red blood cell counts, hemoglobin concentration, hematocrit and mean corpuscular volume and increased spleen weight occurred in the exposed male rats. The NOAEL was 120 ppm for the hepatic endpoint in mice and for the renal endpoint in rats. The maximum tolerated dose for a 2-yr bioassay inhalation study of rodent carcinogenicity was estimated to be 300 ppm, based Received Nov 24, 2004: Accepted Feb 23, 2005 Correspondence to: S. Aiso, Japan Bioassay Research Center, 2445 Hirasawa, Hadano, Kanagawa 257-0015, Japan (e-mail: s-aiso@jisha.or.jp) on the present results. (J Occup Health 2005; 47: 249-260) 
para-Dichlorobenzene (p-DCB) has been widely used as a moth repellent, a deodorant, and an intermediate for dyes, insecticides, pharmaceuticals and other organic chemicals 1) . The annual production of p-DCB in Japan was 24, 200 tons in 1989 2) and 28,845 tons in 1994 3) . To protect human health and the environment from hazardous chemicals, the Organisation for Economic Co-operation and Development (OECD) designated p-DCB as a High Production Volume (HPV) chemical 4) . Medical case reports on the health of p-DCB-exposed humans [5] [6] [7] [8] [9] [10] revealed that clinical signs and symptoms induced by excessive exposure were central nervous system effects, eye and nose irritation and hepatic, renal and hematological disorders. Studies on experimental toxicology demonstrated that p-DCB induced hepatic, renal and hematological toxicity in mice and rats 6, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Toxicity data from the inhalation exposure of experimental animals to p-DCB vapor are more relevant for assessing the health risks of p-DCB-exposed humans than those from oral administration because inhalation exposure is the principal route of humans, exposure to p-DCB. However, there is a paucity of toxicity data 6, 23, 39) from inhalation exposure of rodents to p-DCB vapor compared with those from oral gavage administration 12, 13, 15, 16, 18, 19, 21, 22) and intraperitoneal injection 11, 14, 17) . It is thought that gavage dosing rapidly elevates liver levels of p-DCB, progressing to severe hepatic lesion, because chemicals dosed by oral gavage directly enter the liver after the first absorption through the gastro-intestinal tract.
The present study was undertaken first to characterize the subchronic inhalation toxicity of p-DCB using two rodent species of both sexes, and secondly to estimate the exposure concentration of the maximum tolerated dose (MTD) of p-DCB for a 2-yr bioassay inhalation study of rodent carcinogenicity. Male and female BDF 1 mice and F344 rats were exposed by inhalation to p-DCB vapor at 5 different concentrations for 13 wk, with reference to the OECD Guideline for Testing of Chemicals 413 24) .
Materials and Methods
Chemical p-DCB of reagent grade (greater than 99.9% pure) was obtained from Wako Pure Chemical Industries, Ltd (Osaka, Japan). Each lot of the p-DCB was analyzed for stability and purity by gas chromatography, infrared spectrometry, and mass spectrometry before and after use. Neither decomposition products nor impurities were detected in the p-DCB.
Animals
Four-wk-old Crj:BDF 1 mice and F344/DuCrj rats of both sexes were obtained from Charles River Japan, Inc. (Kanagawa). The animals were cared for according to the guideline for animal experimentation 25) , and the present study was approved by the ethics committee of the Japan Bioassay Research Center (JBRC). The animals were quarantined and acclimated for 2 wk, and then divided by stratified randomization into 6 weight-matched groups, each consisting of 10 mice and 10 rats of both sexes. Exposure chambers were installed in the barrier system animal room in which a temperature of 23. [H] for the rats) in the exposure chambers. The air change rate in the exposure chambers was reduced to 12 air changes/h during the 6-h exposure period. The 12-h light/dark cycle was automatically controlled. All the mice and rats had free access to sterilized commercial pellet diet (CRF-1, Oriental Yeast Co., Ltd., Tokyo, Japan) and sterilized drinking water supplied by an automatic watering system.
Exposure to p-DCB
The animals were exposed to p-DCB at target concentrations of 25, 55, 120, 270 and 600 ppm for 6 h/ day, 5 d/wk for 13 wk. Groups of 10 mice and 10 rats of both sexes were exposed to clean air for 13 wk under the same conditions, and served as controls.
p-DCB vapor-air mixture was generated using the method and apparatus described previously 26) . Solid p-DCB was liquefied in a reservoir flask with a thermostatted water bath heated to 70°C. Clean air was bubbled through the liquid p-DCB. Airflow containing saturated p-DCB vapor was conditioned at 60°C by being passed through a thermostatted condenser, and then diluted with a large volume of clean air, in order to prevent the aerosolization of vaporized p-DCB in the airflow. Finally, the diluted vapor-air mixture was supplied to the inhalation exposure chambers. Air concentrations of p-DCB vapor in the exposure chambers were monitored at 15-min intervals by gas chromatography. Mean ± standard deviation of the air concentrations of p-DCB was 24.6 ± 0.5 ppm, 54.6 ± 0.8 ppm, 119.4 ± 2.3 ppm, 268.0 ± 4.0 ppm and 597.3 ± 10.7 ppm for the mice, and 27.4 ± 0.6 ppm, 54.4 ± 1.1 ppm, 120.0 ± 1.9 ppm, 267.4 ± 3.5 ppm and 601.5 ± 5.5 ppm for the rats throughout the 13-wk exposure period. Deviations in the mean observed concentrations from the target concentrations were less than 9.6%, and fluctuations of the observed concentrations were less than 2.2% in the coefficient of variation.
Clinical observations and analysis, and pathological examinations
The animals were observed daily for clinical signs and mortality. Body weight and food consumption were measured once a week. All animals underwent complete necropsy. Blood was collected for hematology and blood biochemistry under ether anesthesia after overnight fasting at the end of the 13-wk exposure period. Hematological and blood biochemical parameters were measured with an Automatic Blood Cell Analyzer (TECHNICON H-1, New York, USA) and an Automatic Analyzer (HITACHI 7070, Ibaraki, Japan), respectively. All the animals were examined for histopathology. For microscopic examinations, the tissues were fixed in 10% neutral buffered formalin, and embedded in paraffin. Tissue sections of 5 µm in thickness were prepared, and stained with hematoxylin and eosin (H & E). A d d i t i o n a l l y , t h e k i d n e y t i s s u e w a s immunohistochemically examined for binding of anti-α 2υ -globulin using EnVision+ (EV+, Dako, Copenhagen, Denmark) of the two-layer dextran polymer visualization system for immunohistochemistry 27, 28) . Anti-α 2υ -globulin was kindly supplied from Sumitomo Chemical Co. Ltd (Osaka, Japan). The kidney tissue was also stained with the periodic acid-Schiff (PAS) reaction and MalloryHeidenhain.
Data analysis
Body weights, organ weights, and hematological and blood biochemical parameters were analyzed by the following methods 29, 30) . Bartlett's test was used to test whether the variance was homogeneous or not. When variance was homogeneous, one-way ANOVA was performed. When variance was not homogeneous, the Kruskal-Wallis rank sum test was performed by arranging all data of the control and exposed groups in descending order. Statistical differences in the means and the rank means among the groups were analyzed by Dunnett's multiple comparison test and the same multiple comparison test by rank, respectively. Two-sided analysis with a p-value of 0.05 was performed. Pathological examinations and urinary parameters were analyzed by Chi-square test with a p-value of 0.05.
The no-observed-adverse-effect-level (NOAEL) was determined according to the WHO definition 31) .
Results

Mice:
Neither death nor clinical signs occurred in any of the p-DCB-exposed groups of either sex. There was no significant difference in the terminal body weight between any of the p-DCB-exposed groups of either sex and the respective control (Table 1) . However, the body weight of the p-DCB-exposed males relative to the control decreased gradually along the time-course of repeated inhalation exposure, indicating p-DCB-induced retardation of growth rate (Fig. 1A) . The growth rates of the p-DCB-exposed females were not retarded (Fig. 1B) . Absolute liver weight was significantly increased in the males exposed to 600 ppm and in the females exposed to 270 and 600 ppm ( Table 1 ). Relative liver weight was significantly increased in all of the exposed male groups and in the female groups exposed to 270 and 600 ppm. Increases in relative kidney weight in the males exposed to 270 and 600 ppm and absolute kidney weight in the 600 ppm-exposed females were noted.
There was no macroscopic lesion in any organ of the p-DCB-exposed mice at terminal necropsy. Significantly increased incidence and severity of centrilobular hypertrophy of hepatocytes were observed in the males exposed to 270 and 600 ppm and in the females exposed to 600 ppm ( Table 2 ). The affected hepatocytes were characterized by cell enlargement, varying nuclear size and shape, and coarse chromatin and inclusion bodies in the nucleus ( Fig. 2A) . Severity of the hepatic lesions was categorized as "slight (1+)" for the affected area occupying less than 25% of total lobular area and "moderate (2+)" for the affected area occupying less than 50%. Notably, the heptatocellular hypertrophy of moderate grade found in the 600 ppm-exposed males and females was accompanied by single cell necrosis ( Fig.  2A) . Furthermore, focal liver necrosis was noted in two of the 600 ppm-exposed males. No histopathological change in the kidney or hematopoietic system was observed in any of the p-DCB-exposed groups of either sex.
Neither male nor female mice exhibited any significant change in the hematological parameters except for a significant increase in mean corpuscular hemoglobin (MCH) in the 600 ppm-exposed females (Table 3) .
AST was increased only in the 600 ppm-exposed males (Table 4) . ALT was increased in the males exposed to 270 and 600 ppm and in the females exposed to 600 ppm. Total cholesterol and protein were significantly increased in the 600 ppm-exposed groups of both sexes. BUN was significantly increased in the 600 ppm-exposed males.
Rats: Neither death nor clinical signs were observed in any of the p-DCB-exposed groups of either sex. Terminal body weight was increased in all of the p-DCBexposed groups of both sexes compared with that of the respective controls (Table 1 ). The relative body weights of both the p-DCB-exposed males and females leveled off along the time course of the repeated inhalation exposure, although those of 600 ppm-exposed males and females decreased temporarily for the first few weeks ( Fig. 1 C and D) . The absolute and relative weights of the liver, kidney and spleen were significantly increased in the males and females exposed to p-DCB at different concentrations (Table 1) .
There was no macroscopic lesion in any organ of the p-DCB-exposed rats at terminal necropsy. The incidence of centrilobular hypertrophy of hepatocytes was increased in the males exposed to 270 and 600 ppm and in the 600 ppm-exposed females ( Table 2 ). The affected centrilobular hepatocytes were characterized by slight cell enlargement without any change in nuclear size or shape or tinctorial features (Fig. 2C) . p-DCB-induced renal lesions occurred only in the male rats. Hyaline droplets of varying size and shape were observed in the proximal tubular epithelial cells. These droplets were stained positively with anti-α 2υ -globulin and Mallory-Heidenhain and negatively for the PAS reaction, suggesting excessive accumulation of α 2υ -globulin in the epithelial cells. The hyaline droplets and their tinctorial features were similar to the eosinophilic body according to the histopathological criteria reported by Kawai 32) , and the eosinophilic amorphous bodies containing α 2υ -globulin as a major component according to the report of Ikegami et al. 33) . The severity of the renal lesions was classified according to the criteria reported by Kawai 32) . The term "hyaline droplets" 34, 35) was used for these eosinophilic bodies in the present study. Granular casts resulting from the necrotic desquamation of the tubular epithelium were formed in the tubular lumen at the cortico-medullary junction, and were also positive for anti-α 2υ -globulin immunohistochemical staining (Fig. 3) . The incidence and severity of the hyaline droplets, the granular casts, the tubular cell necrosis and the cytoplasmic basophilia were significantly increased in the male rats exposed to 270 and 600 ppm ( Table 2 ). The incidence of papillary mineralization in the renal pelvis was significantly increased in the 600 ppm-exposed males. No hyaline droplets or granular casts were observed in the kidneys of the p-DCB-exposed female rats.
No histopathological changes in the hematopoietic system were observed in any of the p-DCB-exposed groups of either sex. However, significant decreases in hemoglobin (Hb) at 120 ppm and above, red blood cell count (RBC) and hematocrit (Ht) at 270 ppm and above, and mean corpuscular volume (MCV) and MCH at 600 ppm were noted only in the exposed males (Table 3) . These changes did not occur in any of the exposed groups of female rats except for slightly decreased Hb at 600 ppm. Notably, no significant increase in AST or ALT was found in any of the p-DCB-exposed groups of either sex (Table 4) . Total cholesterol and phospholipid were significantly increased in the males exposed to 270 and 600 ppm and in the females exposed to 600 ppm. Total protein and albumin were increased in the 600 ppmexposed groups of both sexes. BUN and creatinine were significantly increased in the males exposed to 600 ppm.
Discussion
In the present study, inhalation exposure to p-DCB vapor for 13 wk was found to retard the growth rate as a systemic effect in male mice, and to induce hepatotoxicity in mice and rats of both sexes and renal and hematological toxicity in male rats. Some characteristic differences in hepatotoxicity were found between the mice and the rats. First, the mouse liver was more responsive to p-DCB than the rat liver as shown by the hepatocellular hypertrophy, the increased relative liver weight, and the retarded growth rate in the mice at lower exposure concentrations than those in the rats. Secondly, the affected hepatocytes of the p-DCBexposed mice were characterized by centrilobular hypertrophy with varying nuclear size and shape, and coarse chromatin and inclusion bodies in the nucleus, whereas such nuclear changes were not observed in the hypertrophic hepatocytes of the p-DCB-exposed rats. Thirdly, both liver necrosis and increased serum levels of AST and ALT, indicative of hepatocellular death, were observed in the male mice exposed to 600 ppm, whereas neither liver necrosis nor increased serum levels of the transaminases occurred in any of the p-DCB-exposed rats of either sex. Hissink et al. 20) reported that total in vitro conversion of p-DCB into covalently bound, reactive metabolites by liver microsomes was in the descending order of mouse> rat, and that reactive metabolites such a s 2 , 5 -d i c h l o r o h y d r o q u i n o n e a n d 2 , 5 -dichlorobenzoquinone were produced more in mice than in rats. Allis et al. 36) showed that the severity of hepatotoxicity induced by o-, m-and p-DCB was in the descending order of o-> m-> p-DCB, and was closely associated with the rank order of the hepatic P-450 responses to these three isomers. Therefore, it can be inferred from these results that the large species difference in hepatotoxicity seen in this study is attributable to a difference in the metabolic capacity of p-DCB of the liver P-450 between rats and mice. This suggests that the more severe hepatotoxicity in mice is mediated by greater production of reactive metabolites such as chlorinated benzoquinone and benzohydroquinone.
The present findings of hepatocellular hypertrophy with varying nuclear size and shape, increased relative liver Table 2 . Number of animals bearing liver and kidney lesions with different grades of severity in mice and rats exposed to p-DCB for 13 weight and increased serum cholesterol levels in the BDF 1 mice exposed by inhalation to p-DCB for 13 wk were in good agreement with those of the NTP study 22) which repoted enlarged hepatocytes in the centrilobular area with varying nuclear shape, increased liver weight and increased serum cholesterol level in B6C3F 1 mice receiving 675 or 900 mg p-DCB/kg by oral gavage for 13 wk. The absence of hepatocellular death in the rats exposed by inhalation to p-DCB was consistent with previously reported findings 11, [15] [16] [17] that neither liver necrosis nor increased serum levels of the transaminases were observed in rats receiving p-DCB by oral gavage or inhalation. In sharp contrast, the NTP study 22) showed necrosis and degeneration of hepatocytes in F344 rats receiving 1,200 or 1,500 mg p-DCB/kg for 13 wk, but not in those receiving 900 mg/kg or less. The difference in the rat hepatotoxicity between the NTP study 22) and present study may be attributable to a difference in the amount of p-DCB uptake. The daily uptake of p-DCB through inhalation was estimated to be 108 mg/kg body weight for rats, assuming that 600 ppm p-DCB vapor Several granular casts containing α 2υ -globulin (arrowheads) stained brown are noted at the corticomedullary junction in the kidney of a male F344 rat exposed to 600 ppm p-DCB. Bar indicates 1,000 µm. 
Values are means ± SD. * and **: significantly different at p≤0.05 and p≤0.01 by Dunnett's test, respectively. RBC: Red blood cell counts, Hb: Hemoglobin concentration, Ht:
Hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin. Table 4 . Serum levels of blood biochemical parameters of mice and rats exposed to p-DCB vapor for 13 wk was inhaled for 6 h by a 3-month-old male F344 rat having a minute volume of 254 ml/min/kg 37) with a lung absorption rate of 33% for p-DCB 38) . Umemura et al. 39) estimated on the basis of area-under-curve (AUC: a measure of total exposure) values obtained by both oral gavage administration and inhalation exposure to p-DCB that gavage administration of 300 mg/kg to male F344 rats was approximately comparable to uptake through inhalation of 500 ppm for 12 h. On the AUC basis, the uptake of p-DCB through 6-h inhalation of 600 ppm was equivalent to 180 mg/kg for F344 rats. Therefore, it can be inferred from these two different estimates that the amount of oral p-DCB intake by gavage (1,200 or 1,500 mg/kg) in the NTP study 22) would be much greater than the estimated uptake of p-DCB through the 6-h inhalation of 600 ppm in the present study, even if the reported gastro-intestinal absorption rate of 55 % for p-DCB 40) is considered. In addition, the difference in the route of exposure to p-DCB between the oral intake and the inhalation exposure may also contribute to the difference in severity of p-DCB-induced hepatotoxicity between the NTP oral gavage study 22) and the present inhalation study. The ingested p-DCB goes through the liver during the first pass after the gastro-intestinal absorption, whereas the inhaled p-DCB is absorbed into the lung, distributed through the bloodstream to various organs, including the liver and adipose tissue. Since the absorption rate of p-DCB was comparable for the lung (33%) 38) and for the gastro-intestinal tract (55 %) 40) , and since the covalently bound, reactive metabolites were reported to be responsible for the hepatoxicity 20, 36) , it is likely that the first pass effect by the oral intake enhances p-DCBinduced hepatotoxicity compared to inhalation exposure.
The 13-wk exposure of male rats to p-DCB induced α 2υ -globulin nephropathy as indicated by hyaline droplets in the proximal tubular epithelial cells, the formation of granular casts at the cortico-medullary junction, and papillary mineralization in the renal pelvis. The significantly increased BUN and creatinine found in the p-DCB-exposed male rats suggests a decline of glomerular filtration rate due to the granular cast formation downstream of the renal proximal tubule. The histopathological changes in the renal proximal tubules of male rats induced by the 13-wk inhalation exposure were consistent with those reported for male F344 rats receiving p-DCB by single 13) and repeated oral gavage doses 12, 22) and by a single inhalation 39) . The necrosis and desquamation of the proximal tubular epithelium and the increased incidence of cytoplasmic basophilia in the epithelial cells might histopathological correlates to p-DCB-induced renal tubular toxicity and the subsequent regeneration of the renal proximal tubular epithelial cells, respectively, suggesting increased cell proliferation in the proximal tubular epithelium of male rats. It was noteworthy that the α 2υ -globulin nephropathy occurred only in male rats but not in female rats or mice of either sex. The marked sex and species specificity of the α 2υ -globulin nephropathy could be accounted for by the reported findings 13, [41] [42] [43] [44] that α 2υ -globulin is synthesized in the liver of adult male rats but not by females or any other species and is regulated by androgen, and that is p-DCB-α 2υ -globulin complex which is poorly digested by renal cortical lisosomes is excessively accumulated in the proximal tubule epithelial cells, causing the α 2υ -globulin nephropathy.
Methemoglobinemia of workers exposed to p-DCB 5, 7) and hemolytic anemia in humans exposed to p-DCB at large doses 9) and in a pregnant woman who ingested p-DCB 10) have been reported. The 13-wk inhalation exposure to p-DCB significantly decreased RBC, Ht, Hb, MCV and MCH in the p-DCB-exposed male rats, suggesting microcytic anemia. The significant increases in the absolute and relative spleen weights found in the p-DCB-exposed male rats did not accompany any anemiaassociated histopathological changes such as increased extramedullary hematopoiesis or hemosiderosis in the spleen. The present hematological results are consistent with those of the NTP study 22) , which demonstrated that repeated oral gavage doses of 600 to 900 mg/kg/d produced decreases in RBC, Ht, Hb and MCV in male rats. In addition, hypoplasia of the bone marrow and lymphoid depletion of the spleen and thymus were observed in the NTP study 22) , whereas these histopathological changes did not occur in the present 13-wk inhalation study. Therefore, it is considered that less severe microcytic anemia induced by the 13-wk inhalation exposure to p-DCB can be primarily attributed to the difference in the amount of p-DCB taken into the body, as discussed above.
In the present study, it was thought that the hepatic and renal parameters relating to the cellular injury are better expressed as the endpoint of the No-ObservedAdverse-Effect-Level (NOAEL) than any other sensitive parameter which might possibly be categorized as an adaptive response to the toxic insult of p-DCB. In this context, the present findings of concurrent occurrence of single cell necrosis and hepatocellular hypertrophy ( Fig.  2A) and the cytolytic release of liver-associated transaminases into serum can be taken to indicate clear evidence of hepatocellular injury in the 600 ppm-exposed mice. The significantly increased serum level of ALT in the male mice exposed to 270 ppm may indicate the most sensitive sign of hepatocellular injury. Occurrence of renal histopathological changes relating to α 2υ -globulin nephropathy in the male rats exposed to 270 and 600 ppm p-DCB also indicate clear evidence of the cellular injury in kidney. However, decreased RBC and Hb without any accompanying histopathological change occurring in the male rats exposed to 120 ppm and above were excluded as endpoints of NOAEL in the rats, because the possibility could not be totally ruled out that these hematological alterations were secondary to the effects of p-DCB on the synthesis of erythropoietin in the renal tubules 45) . Therefore, the NOAEL was 120 ppm for the endpoint of the hepatocellular injury in mice and for the endpoint of the α 2υ -globulin nephropathy in rats. The NOAEL value of 120 ppm thus obtained was in agreement with Loeser and Litchfield's finding 23) that any toxicological effect was not induced in rats exposed to inhalation of 75 ppm p-DCB for 76 wk.
For a 2-yr bioassay study of rodent carcinogenicity, the highest exposure concentration is required not to exceed the MTD. The National Cancer Institute (NCI) guideline 46) defined the MTD as the highest dose of the test agent given during the chronic study that can be predicted not to alter the animals' normal longevity due to effects other than carcinogenicity, and as no more than a 10% weight decrement, as compared to the appropriate control groups. The IARC guideline 47) also defined the MTD as the same criteria as those in the NCI guideline 46) . The 13-wk exposure of mice and rats to 270 and 600 ppm did not produce greater than 10% retardation of growth rate. In addition, the hepatic and renal toxicity induced by the 13-wk exposure to 270 ppm was predicted not to cause any life-threatening lesions except for the possible development of liver and kidney tumors. Therefore, the MTD of p-DCB for a 2-yr bioassay inhalation study of rodent carcinogenicity was estimated to be 300 ppm on the basis of the present 13-wk inhalation toxicity study.
In conclusion, inhalation exposure to p-DCB vapor for 13 wk retarded growth rate as a systemic effect in male mice, and induced hepatotoxicity in mice and rats of both sexes and renal and hematological toxicity in male rats. The NOAEL was 125 ppm for the hepatic endpoint in mice and for the renal endpoint in rats. The MTD was estimated to be 300 ppm for a 2-yr bioassay carcinogenicity study.
